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Abstract.—. .-—_-

We have conctrwted a surface ionimtim ~uge
(SIG) end have used it to measure the C-” flow rste
~hrough the emissionslitof ● surfam-plams source
(=S) of E- ion. with Pennins geometry. Ttm equiv-
●lent cesitm demity in the SPS dischage is deduced
frm these flow ❑easuremante. For dc operation the
o ptimO ?I- current ccuz t m equivalent cesim

~ ‘$ :corres~din~ to mdensity of W7 x 101 a
●verage cesiue conauption rete of 0.5 a~h). For
pulsed opar~tim the optimm E- cure nt oc ure at an

f “$ (1-mg/hequivalent cesim daneity of IN2 x 10 3 cm
averege ceei~ comamption rete). We obaerva cesim
trapping by the S3% dischar~ for both dc and pulsed
operetion. A cesi~ energy of IUO.1 ●V ie deduced from
the obeerved time of flight to the SIC. In eddition
to providing inform~tion on the physics of the source,
the SIG il ● UZeful diagnostic tool fOZ SOUCCd #tZrC-
up ●d operation.

Introduc t ion

Surface-plaama sources produce intenet it- beame
for both themagnetronl and ttm Pennin~ configur-
ation. In ● SPS the addition of c~eita to the hydro-
gen discherge Ieeds to nearly an ordm of magnitule
●nhancement of t- H- current. 1 Deopite the
importance of und rmmding the role of cesim in the

54production of ii-, # there has been only one
experimmntel study of tlm cairn flow from ● SPS. 5
Of equel precticel importance to the ●xperimenter is
the availability of e device to mcdtor ttu ceeim
flow during SPS start-up md operetion. A cesim
surface-ionization ,geuge, which is similar to that of
Merino et ●l.,6 wae built ad vec used to aeasure
the ceaiun flw from ● Penning SPS ●ourca.7

Description of Apparetu8

The SIC (alwxm in Fis. 1) conaista of a tutgs:en
tibbon filment surrounded by ● copper cylindrical
collector with end capD. The filaent operatea above
the critical temperature Tc I,ccessary for the
impinging ceaitm ●tome to be surface ioninod.8 The
collector is freon cooled to disaipete the 50 W of
filaant heating power. The SIG ia completel~.
enclosed in ● ground ohield to minimize the background
ef ●tcms and hna from the source. Further ehielding
against background ions ia ●ccompliohed with a bias
ring Iocatad between the groud ●hfeld ●nd the
collector.

To measure t~ COO●mission from the aource7
the SIG ia located as shown in Fig, 1. A l-mm x 25-omI
hole machined in the SIG ground shield aervms ●a the
antrance alit to the SIC. The SIC is lo:ated on the
axia defined by the O.S-m x 10~ SOUCCQemission
slit ●nd the l-m x 19w ●xtract~on ●lectrode alit.
Nautral ceaiu atoms effusing through the source emia-
aion alit have ● direct path to the SIC entrance
slit, The 0.05~thick tmgaten filaant is larga
enough (2.4-Ire wide x 34-zm ions) to intercept ●ll of
the cetim stoma from the source that pass throush the
SIG ●ntrance slit. The ceoitm stoma are surface
ionized upon ●trikins tb ttmgaten filaent and
accelerated to the collector with ● biaa voltage
●ppliad between the &:lector and the fil-ent, In
the preeence of ● Oa lux the current Ieavina the
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Fis. 1. Sch-etic of the ceeiua #urface ionization
gauge . The poaiti~n of the SIG during measurement of
the ceeiu flow fra the Penning SPS ia indicated.

filment and the current to the collector ●re equal
(o poeite in eign) ●nd both ●re proportional to the

8Co flux through the source amieaion alit.

To eneure proper SIG operation the fil~ent heat-
ing current i6 varied to aecertain that the fil~ent
operatee well above Tc. Also, the collector biaa ie
varied to ineure that ~100% of the aurfece-ionized
Ce+ i~a ●re collected. Typical valuee for the
filmoent heating current and the collector-filment
biae voltage are 10 A and -60 V, reapactively.

The ground ●hield cvh$trr.r; ally reducee (fectcr of
*1OO) the SIG background (ion) $ignal when ● H- beem
ie extracted frcm the uource, hwever, ● background
(%10%et the SIG current) ia obeerved during beam
extraction. We think the background ie caprised of
heavy negative ions, energetic neutrela (which may
induce eecondary ion and/or electron amieaiot.), and
poaaibly ceeiw denorbed from the extraction elec-
trode. Therefore, the ceaim flow measuremtents
reported ●re for operation of the oource diecharga but
with no ●xtraction. voltage. We cmphaeize that the
ceei- deneity valuee deduced from the ceeiun flow
meaeurmzente ●re equivalent density valuee, The
●ctual ceeim density in the diecharga moot likely
differs frcm the equivalent ceeitm density becauee of
ceaim trapping on the electrode eurfacee, 5 That
ie, it ie not poeeible to te? with the SIG whether
the ceeitso ia located in the source vol!mne or on the
●lectrode eurfacee durins the dischar~.

Reeulte ●nd Diecueuion

DC Operetion

The meaeuremente of
for dc source operation
at 98X duty factor (7.5

the equivalent ceeiun deneity
were ●ccomplished by pulsing
Hz). Bel’chenko et ●l.5

.
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Fig. 2. SIG current (uppar trace) induced by C$O
f16w through the Pennin~-60urce emission slit during
nearly dc (98% duty factor) operation. The discharge
voltage (not shown) and current (lower trace ) are
pulsed off for 3 ma at a 7.5-Hz repetition rata. The
SIC current decreaaes when the discharge is zon ba-
cauoe the discharge traps ceeiua.

have reportad that caeiua ia trapped by the diacharga
for puleed operation of a magnetron SM. We obuerva
this effect for both dc and puleed operation of the
Penning 8PS. A typical measurement of tlw ceeitn flow
c’urinl; dc source operation is ehown in Fig. 2. The
dischurge voltage (57 V) and current (1 A) ●re drivan
to zero in <10 us for 3 MS before being reetored to
their original values. The ●quivalent ceei~ daneity
in tb discharge chamber ie proportiuc~l to the casiun
fl~ through the emission alit during the 3-ma rlio-
charga-off pulse. The equivalent ceai~ deneity
N (cm-3) is calculated from

N - f.8 x 106 i/Affl (1)

where i(nA) ia the SIG current, Q(ar) ie the solid
zngla subtended by the SIG entrance elit, A(CM2) is
the area of the source emieaion slit,and f (=2.4) ie
the correction factor for nonisotropic effusion of the
cesi!m atoms through the emission nlit (Fig, 2.1 of
Ref. 9). We astimate that the ceoiun danaity abeoluta
scale ia accurate to no bettar than :50% becauee the
errors in f, in the avaraga source temperature, and in
the emiaeion alit conductance are large. Tha latter
two quantities are used to calculate the coefficient
6.8x 106 inEq. (l). For the measurement in
Fig. 2, N = 5 x 1012 cm-3, about three timaa the
cesitm density that would be obtained from theCaO
flux while the discharge ie on, The average ceaim
consumption, however, it? determined by the CaO flux
while the discharge ia on, and this rate it 0.4 mg/h
for Fig. 2. We estimate that the ceeiuo flow maaaure-
menta are accurate to no better than +25% becauaa the
uncertainty i.1 f is large. If the fi~amant tempera-
ture ia lowered balm Tc, there ia negligible SIC
current while the discharge ia either off or on, We
conclude that the SIC current shown in Fig, 2 ia most-
ly cauaad by surface-ionized Ca+ ione,

The diachargz voltage and the magnetically analyz-
ed H- currant wara meaaured ●a a function of tha
equivr!ent c?aian density (Fig. 3) for constant dis-
charge currant (1 A) and constant hvdrogen flow rate
(16 atm cm3/min). The diacharga WI tage dropa mon-
otonically with ceaiu density until ● minimua of
~50 V is attained. Further increaae in the caaiun
deneity reaulta in a xaall rise in diacharga voltage.
The analyzed H- current maximtsn (0.8 mA) occurs at

O H-Cwent,dr
● ObzhmrgeVatteqz,dc

o H-~,Pulzad
● ~aaRofqewNagGMaad

Equivalent CaahunOmaNykm-’)

Fig. 3. E- ion current and diacharga voltage ●a ●

function of equivalent ceaiua deneity in the source
for dc (circlee) and pulsed (aquarea) operation. Thz
equivalent ceeitn density ia obtained ●a described in
the text. The curvaa aarva only to guide the eye.

an equivalent ceei~ density of*7 x 1012 CM-3.
Only a 40% variation in E- current occurs for ●

factor of 5 variation in the ceai~ daneity. The E-
current maxim- occure near the minimm in the dis-
charge voltage md ●t an average ceaitm flow of
0.5 mg/h. The meaauraaenta for dc source operation
were obtained by faeding casiw into the diacharga
with ●n independently controlled oven containing
~1/2 ~ of 2Ti + Ca2Cr~O~ mixture.

Pulsed Operation

The diacharga voltage, diacharga currant, and the
SIG current for pulaad source oparation with the 2Ti +
Ca2Cr207 mixture in a cavity in tha anode are
shown in Fig. 6. The pulaa repetition rate waa 15 Iiz;
the duty factor, 1.5%. The Novoaibirak group usaa a
maaa epactrometer to select only Ca+ ions from t~ir
filamants while our SIG fflanant ia directly exposed
to the diecharge with no maaa ●election. Nevert ha-
Ieaa, the ceaiua current shown in Fig. 4 and the
ceaiuo pulse shown in Fig. 1 of Ref. 5 ●ra remarkably
similar, By observing the SIC current when the fila-
ment ia hot and when the fil-ent ia cold, we find
tha~ the SIG current from *100 pa after the diach6c Ke
ia off until the naxt diacharga pulse ia probably
cauaed solely by CeO detection, However, a portion
(%30%) of the SIG current frmn the beginning of the
diacharga pulee until ~100Ba ●fter the pulse ia over
●ppeara to the cauaad by background particlea frcm the
discharge and/or photoelectron (light from the dia-
charga can enter the SIG). Electronic noise pickup ia
not thought to ba a problem bacauae tha SIG currant
scalea properly with varying distance of the SIG from
the emiaaion alit,

The CaO ●volution through the emiaaion alit in-
craaaea slowly during the diacharga pnlaa followed by
● dramatic incraeee in tha caeitzo flow ~200pa aftar
the discharge ends. The CaO ●miaaion then decaya to
the steady-state flow before the naxt pulea, The dia-
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Fig. 4. Discharge voltage (upper trece), discharge
current (middle trace), end SIG current (lower trace)
for pulsed operation of the Penning source. The pulse
lensth is 1 ma; the pulse rate, 15 Ez. A large ceei~
pulee occure %200 ~e after the diachar~ ie shut off.
Approximately 30% of theSIG current during the dis-
charge puloe is cauzed by back~round particlas from
the discharge end/or photo-electrons (ace text), ●a is
the -all peak %50 ~a ●fter tlm discharge pulse.

charge trape cesim during the pulae5 but we cannot
tell with the SIC whether the trepped ceoim is in the
voltme or on the electrode aurfacas.

The discharge voltage and the magnetically-
●n~lyzed, pulsed 11- yiald were meaaured as s func-
tion of equivalent cesim density at the end of tha
pulse (Fig. 3) for constant discharge current (85 A)
and hydrogen gae flw rate (40 stm cm3/min), The
aquivelent cesiuz danaity ia calculated from ISq. (1)
using the height of tha ceaiuz burst% 200 pa after the
diacher~ pulse for i(nA). The cesi~ density was
varied by using the sane independently controlled
cenim feed used for the dc maaourements. Aa in tha
caae for dc operation, the discharge voltage drops and
the H- curratit increeaea with incraacing cerni~ den-
sity until ● minimua in voltage end a maximm in Ii-
curent ia reached. Further incraaoe in the ceaim
density reoulta in a ali@t rise in voltage and a drop
in H- current, The meximtzn end-of-pulau H- cur-
rent occurs for an nd-of-pulse ●quivalent ceaiu

?dbnaity of %2 x 101 Cm-3, The a~rage ceai~
conomption rate ●t the optimum ii- current ia 1 mg/h,

By changin~ the distance of tha SIC from the emia-
aion alit we change the time of arrival of the ceaiun
burst ●t the SIC (time measurad with respect to the
●nd of the discharge pulse). We calculate an energy
of @.1 ●V for the ceaiuz ●toms by ●satszing that this
change in pulse ●rrival time ia cauaed by tha chan~
in CaO time of fki@t. Tho tima of flight ia alao
observed in the dc meaaurementa, with the CaO anargy
conaiatent with the pulsed maaauramenta.

Other Comxanta——

The ceai~ flow waveforme ●re different in the dc
●nd the pulsed caaea. In the pulsed caae we estimate
that the cathode temperature riaee by% 100°C during
the 1 ma pulse, leading to rapid resorption of cesi~
atoms at the end of the pulse. The electrodes cool in
a time conniatent with the ceei~ flow decay time
(U500 p). Only *2 x 1012 ceai~ stoma are con-
tained in each end-of-pulse burst, Correapondiug to
ml% of the optirntn ceaim coverage on the exposed
cathode area. The end-of-pulee burst containe only
1% of the total CSO flow from the source durin~ a
complete diachar~ cycle. In th dc caae the ●lee-
trode temperatures are nearly constant. After the
discharge is extinguished the ceaitm flow rate first
riaea to a high value and then decaya with a time
conatent of ~10 a to the average value. About 1016
ceaitn ●tomz effwe through the emission alit in the
cesi~ burst, corresponding to the deeorption of% 1
ceaim monolayer frtan the source interior. We have
not determined if the observed dc time constant arises
fra the thermal time constant of the eource or frcaz
the variation in resorption rate with ceaiuz coverage.

The SIC hae proven to be ● practical device for
monitoring the ceai~ addition to the source for daily
start-up ●nd operation. Thue, the SIG helps to
prevent exceaaive cesitez buildup in the source and on
the extraction electrode structure when using the in-
dependent oven for the ceai~ supply. In addition,
the SIG providea diagnostic infomzation on the opera-
tion of the ceaitn feed ❑echaniam.

Concluaiona

Measurement of the ceaim flow from the Penning
SPS reveala that for the optimtm H- current the
equivalent ceaim density in the discharge should be

%7 x 101~ cm-3 and %2 x 1013 cm-3 for dc and
pulsed operation, respectively. When the ceai~ den-
sity is adjuated to give the maxim- H- current, the
discharge voltage ia at a minimtm, The average cesiun
conaunption rate for optimuz H- current ia lower for
dc (0.5 mg/h) than for pulsed (1 mg/h) operation, but
the discharge intensity is much higher for pulsed
(85 A) than for dc (1 A) operation. For both dis-
charge modes the discharge trapa the ceaiun and part-
ially preventa it frmm effusing through the source
emiaaion alit,’ Time-of-flight meaauramenta imply that
the average CaO enargy iamO.1 eV. The SIG ia a
useful diagnostic tool for daily aturt-up ana opera-
tion of the Penning source.
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